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AboTKAO'T 

Fifteen  aromatic  x'luorlne  compounds  were  prepared  for 
fungicidal  screerlug  tests  since  1 September  195f?,  The  syntheses 
and  properties  of  these  compounds  and  Intermediates  are  described 
In  detail  except  In  cases  of  known  or  borrowed  derivatives.  Ten 
of  the  test  samples  are  new  to  the  scientific  llteratxire.  Classes 
represented  are  fl.uorlnated  benzoic  acids,  phenols,  anlsoles, 
toluenes,  blphenola,  biphenyl  sulfide,  and  benzyl  derivatives* 

A search  was  made  for  colorless  and  therrafilly  stable 
fttngicides  In  the  biphenyl  and  biphenyl  sxilfide  classes.  Tiiree 
solid  fluorinated  hydroxyblphenyls , also  called  blphenols,  were 
synthesized  with  2 ,2 *-dihydroxy-5,5-dlfluoroblphenyl  showing  the 
most  promise.  When  a sulfur  linkage  was  Introduced  into  the  latter 
to  give  a biphenyl  sulfide,  fTinglcldal  potency  was  Increased  so 
that  24“95  parts  per  million  prevented  growth  of  four  test  fungi. 

Cotton  thread  impregnated  with  the  sulfxir  compound 
showed  no  discoloration  or  loss  In  tensile  strength,  6tnd  when 
treated  with  1000  ppm  solution  was  completely  pr-otseted.  Likewise, 
2-fluoro-6-nltrophenol,  a potent  fxmglclde,  and  the  dlf luoroblphenol 
did  not  appear  to  change  the  tensile  strength  of  the  thread. 
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T^welve  compounds  were  prepared  on  a fairly  large  laboratory  scale  for  the 
Materials  Laboratory  for  evaluation  studies.  A total  of  1900  g.  of  material 
packaged  as  lCO-200-g.  samples  were  delivered  for  this  purpose. 


PUBLICATIC:!!  IlEVIEW 


This  report  has  been  reviewed  and  is  approved. 
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INTRODUCTION 


The  synthesis  of  some  fluorlnated  quinones  by  Finger 
et  el^  In  1949  at  the  Illinois  State  Geological  Sxirvey  led  to 
the  discovery  of  their  fxanglcidal  properties  by  Tehon^  of  the 
Illin.'^is  State  Natural  History  Survey.  Air  Force  materiel  pro- 
tection scientists,  desiring  to  include  organic  fluorides  in 
their  search  for  new  fungicides,  initiated  a fungicidal  scroen- 
ing  program  with  Dr.  L.  R.  Tehon  in  March  1950,  and  a chemical 
research  program  with  the  Geological  Survey  in  July  1951. 

Thirty- five  ccmpounds  were  covered  in  the  first  chemi- 
cal report^  of  which  the  nitrophonol  and  dinltro  types  showed 
the  most  prcmlao.  The  most  sensational  discovery  was  l-fluoro-3- 
bromo-4,6-dlnitrobenzene  which  inhibits  the  growth  of  A.  nlgar 
at  0.8  parts  per  million. 

This  final  chemical  research  report  covers  the  period 
from  1 September  1952  to  the  end  of  the  contract,  30  April  1954. 
Fifteen  compounds  were  synthesized  for  the  screening  program, 
and  some  large-scale  laboratory  preparations  were  studied. 

Complete  information  on  the  fungicidal  investigation 
program  is  found  in  the  Tehon  repo^^ts^  and  any  fungicidal  data 
appearing  in  the  chemical  studies  come  from  this  source. 
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SECTION  I 


FLUORINE  COMPOUNDS  STUDIED<> 

A.  Benzoic  Acids 

Two  fluorlnated  benzole  acids  were  prepared,  namely  the 
2,4-difluoro  and  2,4,5-trlfltioro  compoxinds.  They  were  conveniently 
obtained  by  oxidation  of  the  appropriate  flTioroacetophenones , 


P 

I 

COCHa 


P 

II 


F 

IV 


2,4-Dlfluoro- 
benzolc  Acid, 
M.p.  183-184" 


2,4, 5-Tr If luor o- 
benzolc  Add 
M.p.  97-98" 


These  acids  are  white  solids,  slightly  water  soluble, 
soluble  In  alkali,  acetone,  alcohol.  Insoluble  in  petroleum  ether, 
and  sublime  upon  heating. 

It  la  known  that  monofluorobenzolc  and  the  chlorobenzolc 
acids  have  mild  astringent  and  antiseptic  properties;  thus  It  was 


♦temperature  reported  In  ®C. 
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thought  that  polyi* luorobenzol<*  acids  may  exhibit  slmlleuT'  proper- 
ties. Complete  growth  Inhibition  of  A.  nlger  and  C.  globosTan 
for  the  dlfluoro  acid  occixrred  at  about  350  and  526  ppm,  respec- 
tively, whereas  the  trifluoro  acid  was  480  and  700  ppm.  These 
potencies  ai’e  not  outstanding,  and  It  might  also  be  concluded 
that  increased  fluorine  content  is  of  very  little  significance. 

B.  Phenols  and  Nltrophenols 

Five  phenols  were  studied,  three  of  the  2-halo-4-fluorc), 

and  two  of  the  fluoronltro  types. 

The  2-halo-4-f luoro  types  were  studied  because  2,4-dl- 
5/ 

halophenols”  are  reported  to  have  bettor  phenol  coefficients 
than  the  monohalophenols,  and  dissimilar  halogens  Increase  fungi- 
cidal potency  In  dlhalodinltrobenzenes^^^.  With  the  synthesis  of 
a key  Intermediate,  2-amlno-4-fluoroanlsole  (V) , other  research 
made  available  2 -brorao-4-fluorophenol  (IX)  and  2-chloro-4-fluoro- 
phenol  (X)  as  new  compounds,  and  2,4-dlfluorophenol  (XI).  The 
scheme  of  synthesis  and  pertinent  physical  data  are  given.  The 
bremo  compound  may  be  obtained  more  conveniently  by  uromlnatlon 
of  4-fluorophenol  In  aqueous  solution  with  a near  80^  yield. 


vVAt'C  TH  b4-14B 


T 

%/ 


4 


X * Br  (VI)*  G1  (VII)*  F (VIII) 


M,p. 

B • P • 


vT" 

OH 


P 

42-43® 


89®  (1  ram.) 
iX 


-4 

OH 

0" 

v* 

p 

23®  (P.p.) 
88®  (4  mm.) 


Ir 

OH 

•p 

A 


P 

22.4° 

32°  (19  ram.) 
XI 


Growth  Inhibition  for  A,  nlger  in  parts  per  million  was 
about  140  of  Br-P,  400  of  Cl-F,  and  400  of  F-P  as  compared  to  600 
for  4-fluorophenol . This  shows  some  advantage  in  multiple  and 
dissimilar  halogens. 

5/ 

The  nltrophenols  studied  since  the  last  report  are 
indicated  in  the  scheme  of  preparation,  and  both  are  known 


OH 


NO  8 
XIII 


2-Fluoro-6-nltrophenol 
M.p.  91-92® 


3-Fluor 0-4 , 6-dlnltrophenol 
M.p.  79-80® 
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conpoanda.  Tbay  era  yexiow  aolidaj,  quite  inaoiublo  in  water  but 
soluble  in  alkali,  and  are  readily  soluble  in  the  usual  organic 
sol rents. 

Growth  Inhibition  for  A.  nlger  was  11.5  ppa  for  XII  and 
130  ppm  for  XIII.  thus  reaffirming  previous  observations  of  potency 
exaltatlcn  of  nltro  groups.  On  the  other  hand,  2-nitro-4-chlaro- 
phanol  at  10-50  ppa^  Is  also  quite  effective  as  a fungicide. 

Gotten  parachute  webbing  Impregnated  with  XII  showed  a 
yellow  color  and  no  apparent  change  in  tensile  strength.^ 


C«  Kltroaniaoles 

Converalm  of  a phenol  to  an  anisole  or  methyl  ether 

derivative  causes  a decided  decrease  in  fungicidal  potency.  This 

3/ 

was  again  clearly  demonstrated  with  2,4-dlfluoro-6-nltropheaol 
when  it  was  converted  to  the  anisole  (X¥) . The  phenol  prevents 
A«  nlger  gruvth  at  50  ppm,  whereas  the  anisole  penalt-s  soise  growth 
at  50C  ppm. 


OH 


0.5 


■> 


2 ,4-Dif  luoro-6-nltroanisole 
M.c.  33-35.5® 


Preparation  of  the  nltroanisde  was  readily  acccespllshed 
by  the  nitration  of  2,4-diflaoroanlsole  in  a 44^  yield. 
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D*  Nltrotolxtgnaa 


Since  3-fluoro~4,6-dlnltrotoluene  (XVIII) shows 
excellent  fungicidal  prop  *»tlos^  it  appeared  worth-while  to  study 
the  poten'^y  of  two  isomeric  prectirscrs,  3-fluoro-4-nltrotolu6ne 
(XVII)  and  3-fluoro-6-n5trotoluans  (XVI) • These  compounds  are 
available  from  the  nitration  of  S-fluorotoluene  and  it  is  interest- 
ing to  note  tiiat  both  mononitro  compounds  will  yield  the  same  di- 
nitrc  derivative.  They  are  yellow  solids  except  the  dinitro  com- 
pound ia  almost  eolorlsss. 


XVI 

NOg 

NO, 

XVII 

XVIII 

M.p. 

27-28® 

63® 

78-79 

Potency  (ppm) 

1000 

400 

3.9 

The  concentrations  required  to  inhibit  growth  of  A.  niger 
are  indicated  below  the  formulae  in  parts  per  million  as  potency. 

E.  Biphenols 

The  biphenols  or  hydroxybiphenyls  and  their  chlorinated 

5/ 

derivatives  are  known  to  have  bactericidal  properties  , and  some 
of  these  compounds  are  available  \inder  various  trade  names.  Since 
fluorlnated  blphenols  had  not  been  investigated  as  possible  fungi- 
cides, and  since  it  was  possible  that  they  may  bo  colorless,  heat- 
stable  compounds  suitable  for  incorporation  into  plasties,  some 
preliminary  studies  were  undertaken. 
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Thre?  riuorlnated  blphenols  were  prepared  - 
hydroxy-5,5‘-dlfluoroblphanyl  (XJ:i)  , 3,3 ’-dlfluoro-4,4 ‘-dihy- 
droxyblphenyl  (XXIV)  and  2,2 *-dlhydroxy-3,3 * ,6,5 '-tetrafluoro- 
blphenyl  (XXVII) • The  scheme  of  synthesis  Involved  an  UllmAnn^ 
coupling  reaction  on  the  appropriate  lodofluoroanlsoles  to  the 
bianlsoles  followed  by  an  alvanlnum  chloride  ether  cleavage  to 
the  blphenols. 


M.p,  173® 

XXV  XXVI  XXVII 

These  compounds  are  odorless,  white  solids,  fairly 
high  melting,  slightly  soluble  In  hot  water  and  petrol e\xm  ether, 
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moderately  soluble  In  ethanol,  and  soluble  In  alkali. 

Growth  inhibition  of  A.  niger  was  obtained  at  140,  200 
and  230  ppm  for  XXI,  XXIV,  and  XXVII,  respectively*  These  bl- 
phenols  are  more  potent  than  the  simple  fluorophenols,  XXI  shows 
the  most  premise  and  on  the  basis  of  the  tetrafluoro  (XXVII) 
compound  multiple  fluorine  substitution  la  of  no  advantage. 

Impregnation  of  cotton  thread  by  the  dlf luoroblphenols 

4/ 

did  not  appear  to  affect  the  tensile  strength  , 

F.  Biphenyl  Sulfide 

Sulftir  and  a number  of  Its  cempounds  are  among  the 
oldest  Industrial  f tingle  Ides  known.  Within  recent  yeairs  a great 
deal  of  attention  Is  being  directed  to  organic  sulfur  compounds^ 
such  as  dlthlocarbamates,  thiuram  disulfides,  mercaptobenzothla- 
zoles  and  others.  It  is  interesting  to  note  that  2,2'-dlhydroxy- 
3,3*,5,6*-tetrachloroblphenyl  sulfide^,  known  In  the  trade  as 
Actamer  (Monsanto)  and  Lorothlodol  (Hilton  Davis  Chemical  Co.), 
are  reported  as  having  bactericidal  and  fungicidal  propertJ.es, 

In  view  of  the  funglcldsd  activity  of  the  fluorinated 
blphenols.  It  was  spectilated  that  a sulfur  linkage  between  the 
phenyl  groups  would  give  increased  potency.  For  a test  case, 
2,2*-dlhydroxy-5,5'-dlfluoroblphonyl  sulfide  (XXVIII)  was  sjn- 
theslzed  from  4-fluorophsnol  and  sulfur  dlchlorlde.  The  compoimd 
is  a white  solid  with  a mild  cresol-llke  odor,  soluble  In  the 
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a mild  antiseptic  is  obtained*  It  was  speculated  that  perhaps  a 
fluorinated  salicyl  alcohol  may  offer  some  possibilities  as  a 
f\angicide.  This  compound  at  600  ppm  showed  only  25^  reduced  growth 

CHaOH 

> li  61-63® 

XXX 

2 -Hy dr  oxy~3 , 5-d  if lu  or  ob  en^yl  sQ.  c oh  ol 
of  A.  niger , but  complete  Inhibition  of  C.  globoaum.  It  is  in- 
teresting to  note  that  the  parent  compound  is  a better  fmigicide 
than  the  benzyl  derivative. 


SECTION  II 

EXPERIMENTAL  PROCEDURES 

2,4-Difluoroacetophenone  (I)  .--The  usxial  Friedel-Craf ts 
acylation  procedure  was  modified  in  that  an  excess  of  the  aryl 
halide  was  used  to  serve  both  as  a reactant  and  solvent. 

To  a well- stirred  mixture  of  114  g.  of  1,3-diflu or oben- 
zene^^and  80  g.  anhydrous  aluminum  chloride,  48  cc.  of  acetic 
anhydride  was  added  slowly  and  the  resulting  mlxttire  refluxed  for 
one  horn-.  After  pouring  over  ice,  steam  distillation  removed  the 
acetophenone  and  the  unreacted  difluorobenzene , A yield  of  32  g. 
(41J^)  of  crude  difluoroacstophenone  was  obtained  and  a vacuum 
distillation  gave  ptire  2,4-difluoroacetophenone , f.p.  ca.  +9*-', 
b.p.  89®,  n§°  1.4881. 
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Pound! 


» Caiou.  roi7  CeKeraOX  C,  61.d4;  H,  o»,07|  F,  24.54. 

C,  61.47}  H,  S.76;  F,  24,47. 

2,4 ,5~Trlf luoroacetophenone  (II)  ."^Thls  compovind  was  ob- 
tained by  the  above  prooedtire,  except  that  1,2,4-trif luorobenzone^^ 
was  the  aryl  halide. 

The  yield  of  the  acetophenone  was  45^,  A vacuum  distil- 
lation gave  pure  2,4,5-trlf luoroacetophenone,  f.p.  £a.  7®,  b.p, 

. 20 

99-101®  (20  am.),  no  1.4718. 

Anal.  Calcd.  for  CaHoFaO:  C,  65.18}  ri,  2.89;  F,  52.74. 
Pound:  C,  55.12;  H,  2.94;  F,  32.58. 

2.4-“Difluorobenzoic  Acid  (III) . — A mlxtiaro  of  4.3  g.  of 
2, 4-dlf luoroacetophenone,  8 g.  of  potassixan  permanganate,  160  ml. 
water,  5 ml.  of  lOjC  sodium  hydroxide  solution  was  reflxixed  5 hours. 
More  permanganate  solution  was  added  during  the  reflxixing  to  complete 
the  oxidation.  After  removal  of  the  manganese  dioxide  by  filtration, 
acidification  of  the  filtrate  gave  the  crude  dlfluorobenzoic  acid  as 
a white  precipitate,  yield  3.7  g.  (85^).  Recrystallization  from 
water  followed  by  sublimation  gave  pxire  2 ,4~dlfluorobenzolc  acid, 
m.p.  183-184®.  It  is  interesting  to  note  that  a mixed  melting 
point  (131-182®)  with  4-fluorobenzoic  acid  (m.p.  182-184®)  shows 
no  significant  depression. 

Anal.  Calcd.  for  CTH4Fa0a:  C,  53.18;  H,  2.55:  F,  24.04. 
Fotmd;  C,  53.32;  H,  2.44;  F,  24.01. 
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2,4t5-Trlfluorobenzolc  Acid  (IV)  .—This  acid  waa  pransrod 
from  2,4,5-trlfl\iorcacetophenone  by  the  oxidation  procedure  previ- 
ously described. 

Recrystallization  of  the  crude  acid  from  carbon  tetra= 
chloride  followed  by  sublimation  gave  p'urs  2,4,5-trif luorobenzoic 
acid,  m.p.  97-98°. 

Anal . Calcd.  for  CTHaPaOat  C,  47.74;  H,  1.72.  Pound: 

C,  47.77;  H,  1.67. 

2-Amino-4-fluoroanisole  (V) . — To  a mixture  of  123  g.  of 
iron  filings  and  one  liter  of  ammonixjm  chloride  solution  (0.78  N) 
with  stirring,  122.5  g.  of  liquified  2-nitro-4-fluoroanlsole''“^ 
was  added  slowly.  After  completion  of  the  reduction,  the  amine 
was  removed  by  steam  distillation  as  a heavy  oil.  Crude  yield  was 
92  g.  Vacuum  distillation  gave  ptu*a  2-amino-4=fluoroani8ole,  f.p. 
ca.  3°,  b.p.  117°  (20  ram.) . 

Anal.  Calcd.  for  CtHsFNO:  C,  59.56;  H,  5.71;  N,  9.92. 
Foxmd:  C,  59.55;  H,  5.53;  N,  9.84. 

The  acetyl  derivative  after  re crystallization  from  ethanol 
followed  by  sublimation  was  obtained  as  white  plates,  m.p.  101-102°. 

Anal.  Calcd.  for  GeHioPNOg:  N.  7,65.  Poimd:  N,  7,60, 

2-Bromo-4-fluoroanisol8  (VI) . — A Sandmeyer-cuprous  bromide 
reaction  on  2-emino-4-fluoroani3ole  (V)  gave  an  89^  yield  of  steam- 
distilled  crude  product.  Vacuvim  distillation  gave  pure  2-broino-4- 
fluoroanisole,  f*?.  ca.  —27°,  b.p.  79°  (6  ram.),  nB  1.5447. 
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Anal.  Calcd.  for  C^HsErFO!  C,  41.00;  H,  2.95;  Br,  38.98; 

P,  9,27.  Pound:  C,  41.19;  H,  2.83;  Br,  39,29;  F,  9.07. 

3-Ghloro”4~f luoroaniaole  (VII) .--This  compound  was  obtained 
from  V by  a Sandmeyer-cuprous  chloride  synthesis  In  an  Q'6%  crude  yield. 

The  pure  compound  Is  a heavy  colorless  oil,  b.p,  c_a*  -17®, 
b.p.  67®  (5  ram.),  ng®  1.5173. 

Anal . Calcd.  for  C7HeClF0;  C,  52.35;  H,  3.77;  Cl,  22.08; 

P,  11.33.  Found:  C,  52.55;  H,  3.75;  Cl,  21.87;  F,  12.12. 

2 ,4-Dlfluoroanl3ole  (VIII)  .--Schlemann^^^  reported  the 
synthesis  of  this  compound  from  2-fluoro-4-amlnoanl3ole. 

For  this  study  It  was  prepared  from  V by  the  Schlemann 
14/ 

transformation—'  In  an  overall  yield  of  about  50jS,  Data  on  the 
p\ire  compound  are  f.p,  -15,5®,  b.p,  151®,  ng*^  1,4705, 

2-Bronio-4-fluorophenol  (IX)  . — This  compovcid  was  borrowed 
Initially  from  other  research  and  had  been  obtained  frcsn  VI  by 
ether  cleavagoi^  reactions,  A more  convenient  method  Is  the 
direct  brominatlon  of  4-fluorophenol . 

To  a well-stirred  suspension  of  112  g.  of  4-fluorophenol 
in  500  ml,  of  water  at  20®,  150  g.  of  liquid  bromine  ras  added  drop- 
wise  over  a period  of  two  hours.  The  heavy  oil  layer  was  treated 
with  dilute  sodium  carbonate  solution  to  alkalinity,  and  steam 
distilled.  After  separation  and  drying  of  the  oily  distillate, 
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vacuum  distillation  gave  a main  fraction,  b.p*  90®  (2.5  mm,),  which 
solidified  on  cooling  to  pale  yellow  needles,  m.p,  40-42®,  yield 
151  g.  or  79;i5,  The  melting  point  of  an  analytically  pure  sample  is 
42-43*. 

15/ 

2-Chloro-4-fluorophenol  (X) — ^ .--This  is  a new  compound, 
f.p.  ea.  23®,  b.p.  88®  (4  mm.),  and  was  loaned  to  this  project, 

3.4- Dlfluorophenol  (XI)  . — The  procedure  used  by  Schiemann^^ 
for  prep€irliig  this  compound  was  uaed.  An  altonlnum  chloride  ether 
cleavage  of  VIII  gave  an  84^  yield  of  the  crude  phenol.  Data  on 

the  pure  ccmpovmd  are  m.p,  22.4®,  b.p,  62®  (19  mm.)  or  74®  (50  mm,). 

2-Fluoro-6-nitrophenol  (XII)  .—This  ccsnpound  was  prepsred 
from  2-fluoroanlaolei^  as  described  lr>the  literature  by  Niemann 
et  al^^.  The  pure  material,  which  was  obtained  by  recrystalllza- 
tlon  from  aqueous  ethanol,  formed  yellow  needles,  m.p,  91-92°,  yield 

5-Fluoro-4.6-dinitrophenol  (XIII) . — Hodgson  obtained 

this  ccapcund  by  the  nitration  of  3-fluorophonol,  and  recrystal- 
llzatlon  from  aqueous  ethanol  gave  a white  solid,  m.p.  79-80°, 

2.4- Difluoro^6-nitroaniaole  (XV) . — This  compound  had 
been  prepared  previously  by  the  methylatlon  of  2,4-difluoro-6- 
nitrophenol^^  in  another  stvdy^^-  An  improved  method  described 
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■—■=— ■'-■s™  UAS  vvVoJLOpwvi  jLxivwxyxiig  i>iitj  uii’st::;  vf=ai uxOCl  OI"  Sd ^ XU02*0* 

anisole . 

To  a solution  of  75  g.  (0.5  mole)  of  2,4-dlfluoroanlaole“^ 
in  80  ml,  of  acetic  anhydride  with  stirring,  a mlxtxire  of  47  g, 

(0.75  mole)  of  100^  nitric  and  42  ml.  of  aoetlo  acids  was  added 
slowly  In  50  minutes,  and  the  reaction  temperature  controlled  at 
35-40®wlth  a water  bath.  Stirring  was  continued  for  six  hours  at 
38-45®.  After  pouring  over  loo,  the  crude  nltro  layer  was  made 
alkELllne  with  sodium  carbonate  solution,  and  steam  distilled.  The 
dried,  steam  distilled  product  on  vacuxan  fractionation  gave  41  g, 
or  445s  yield  of  pxire  2,4-dlfluoro-6-nltroanisole,  b.p,  66-67® 

(3  mm.)  • A small  amoxmt  of  on  mldentlfled  by-product  was  obtained. 

3-Fluoro^(5  or  4) -nitrotoluene  (XVI  and  IVII) . —These 

21/ 

compounds  were  obtained  by  Schlemann — ' by  the  nitration  of  3- 
fluorotoluene  with  fvcalng  nitric  add.  The  6-nltro  compound  Is 
obtained  in  the  largest  amount.  Melting  points  of  XVI  and  XVll 
are  27-28®  and  53®,  respectively. 

5-Flurro-4,6-dinltrotoluene  (XVIII)  . — This  compound  was 

reported^  previously  and  was  obtained  In  a 95jJ  yield  by  a mixed 

21/ 

acid  nitration  of  3-fluorotoluone~^  , m.p.  78-79®. 

2-Iodo-4-fluoroanlaole  (XXIX) . — This  compound  was  pre- 
pared from  2-amlno-4-fluoroanlsole  (V)  In  a 7856  yield  of  crude 
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oteam  distilled  product  by  the  usual  oandmeyor  react i Oii*  Vo.uUuiu 
distillation  gave  pure  2-iodo-4-fluoroanl8ole,  f.p*  -21®, 
b.p.  92®  (3  ram.),  1,5924, 

Anal,  Calcd,  for  C7HaFT0:  C,  33.56;  H,  2,40;  F,  7.54; 

I,  50.36,  Found;  C,  33.41;  H,  2.41;  P,  7.68;  I,  50.69. 

2^2 *-Dimethoxy-5.5 *-fluoroblphenyl  (XX) .--An  Ullmann 
coupling  reaction^  was  performed  on  the  preceding  anlsole  to  give 
the  desired  blanlscle. 

The  general  procedure  fox*  the  Ullmsnn  ccrupling  reaction 
was  to  heat  by  an  oil  bath  equal  weights  of  the  iodofluoroanlsole 
and  copper  bronze  In  a large  test  tube  equipped  with  an  air  con- 
denser, Reaction  teraperatures  and  heating  time  varied  with  the 
compoxmd  in  question,  and  occasionally  more  copper  was  added  dxiring 
the  reaction  period.  Extraction  of  the  reaction  mass  In  a Soxhlet 
with  acetoiie  romoved  the  crude  biphenyl . 

A 70J^  crude  yield  was  obtained  from  the  coupling  of  2- 
iodo-4-fluoroanlsole  at  190-210®  for  2 1/2  hours.  Recrystalliza- 
tion from  ethanol  gave  white  needles,  m.p.  121-121.5®. 

Anal.  Calcd.  for  Ci4Hi.F#0a;  C,  67.19;  H,  4.84;  P,  15.19. 
Found:  C,  67,25;  H,  4.63;  F,  14,97, 

2.2*-Dlhydroxy-5.5*-dlfluoroblphenyl  (XXI)  .--This  ccaapoxind 

22/ 

was  prepared  by  an  aluminum  chloride  split — ' of  the  corresponding 
ether . 
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A mixtiire  of  9.3  g.  of  2,2 ’-dljnethoxy-SjS »-dlf lucre- 
tolphenyl,  30  g.  of  anhydrous  alxanlnum  chloride  and  80  ml.  of 
benzene  was  refluxed  overnight.  The  reaction  mixture  was  poiored 
over  Ice,  steam  was  blown  through  the  mixture  to  remove  the  ben- 
zene, and  after  the  residue  had  cooled,  the  crude  product  was 
recovered  by  filtration.  Dilute  sodium  hydroxide  solution  was 
added  to  the  crude  material  and  the  resulting  mixture  extracted 
with  ether.  Acidification  of  the  alkaline  extract  repreclpltated 
the  blphenol,  yield  6.3  g.  (7656).  Recrystalllzatlon  from  ethylene 
dlchlorlde  gave  p^lre  2,2 •-dlhydroxy-5,5 '‘dlfluoroblphenyl  as  hard, 
white  crystals,  m.p.  138-139®. 

Anal.  Calcd.  for  CiaHaFsO,:  C,  64.87;  H,  3.63;  P,  17.10. 
Pound:  C,  65.06;  H,  3.35;  P,  17.38. 

2-Fluoro-4-lod,oanlsole  (XXII)  »— An  8356  crude  yield  of 
this  compound  was  obtained  from  2-fluoro-4-amlnoanlsole^2/  by  a 
Sandmeyer  reaction.  Recrystalllzatlon  from  ethanol  followed  by 
vacuum  stibllmation  gave  the  pure  compoimd,  m.p.  33.5-34®. 

Anal.  Calcd.  for  C7H0PIO:  C,  33.36;  H,  2.40;  F,  7.54; 

I,  50.36.  Pound.  0,  35.48;  H,  2.30;  F,  6.87,  7.40;  I,  51.51,  51.01. 

3,3 *-Dlfluoro-4 ,4 ’-dlmethoxybiphenyl  (XXIII) . --By  the 
general  procedure  under  XX,  the  preceding  anlsole  was  coupled  by 
heating  at  190-210®  for  about  four  hours,  and  a 7056  yield  of  crude 
biphenyl  was  obtained.  A recrystalllzatlon  from  a benzene-ethanol 
mixture  gave  the  p\ira  biphenyl  as  white  platelets,  m.p.  153-154®. 

17 
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Anal»  Caicd,  for  Ci^H^sPaO, : C,  67.19;  H,  4.84;  P, 

15.19.  Pound:  C,  67.08;  H,  4,63;  P,  15.00. 

5,5  *-Dlfluor 0-4,4  *«-dlhydroxyblphenyl  (XXIV)  . — By  the 
procedure  Indicated  vmder  XXI,  3,3 *-dlf luoro-4,4 ’-dlmcthoxybl- 
phenyl  was  split  with  altmlnum  chloride  to  the  corresponding  bl- 
phenol  In  a 92^6  crude  yield.  The  cirude  product  was  rscrystal- 
lized  froa  an  ethanol -ethylene  dlchloride  mixture  to  the  pin*e 
blphenol,  m.p,  18C. 5-189", 

Anal.  Caicd.  for  CiaHeP/iOa:  C,  64.87;  H,  5.63;  P, 

17.10,  Found:  C,  64.92;  H,  3.62;  F,  17.04. 

2-Iodo-4,6-dlfluoroanlaole  (XXV) . — An  amine  hydrosnlfate 
slxjrry  was  prepared  by  the  slow  addition  of  2-amlno-4,6-dlfluoro- 
anlsole^  with  stirring  to  34  ml,  of  concentrated  sulfuric  acid  In 
150  ml.  of  water  at  60®.  Dlazotlzatlon  was  effected  at  0-5®  by 
adding  a solution  of  15,2  g.  of  sodium  nitrite  In  50  ml.  of  water, 
and  at  the  end  sulfamic  acid  was  added  to  destroy  excess  nitrous 
acid.  The  dlazonlum  solution  was  poured  slowly  Into  a stirred 
solution  of  40  g,  of  potasslxmi  iodide  In  60  ml,  of  water,  and  the 
temperature  held  at  5-10®  d\irlng  the  evolution  of  nitrogen.  Sodl\nn 
thiosulfate  solution  was  added  to  remove  the  Iodine,  and  the  mixture 
was  steam  distilled.  The  cinide  product,  49  g.,  wa^acuum  distilled 
and  a yield  of  43  g,  or  80^  of  pure  lodo  compound  was  obtained  as  a 
heavy  oil,  b.p.  60-61®  (3  mm.),  n§^  1.54933, 
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Anal.  Calcd.  for  CTHaPalO;  C,  31.13;  H,  1.87;  F,  14.07; 
I,  47.00.  Pound:  C,  31.31;  H,  1.81;  F,  14.28;  I,  46.72. 

2,2^»’Dlmethoxy-5«3*,5.5*-tetraflucroblphenyl  (xy/I)  . - - A 
mixture  of  27  g«  of  2-lodo-4,6-dlfluoroanisole  and  35  g.  ot’  copper 
bronze  powder  was  heated  at  210®  (bath  temperature)  for  three  hours 
The  reaction  mass  was  pulverized,  extracted  with  acetone,  and  the 
acetone  extract  poured  Into  water,  whereupon  an  o.ll  separated  and 
solidified  on  cooling.  Yield  of  crude  product,  12.7  g.  or  89j6. 
Recrystalllzatlon  from  aqueous  ethanol  and  a final  sublimation 
gave  the  pure  biphenyl,  m.p.  49.5-50®. 

Anal.  Calcd.  for  C14H10P4O9:  C,  58.75;  H,  3.52;  P,  26.55 
Fovind:  C,  58.54;  H,  3.38;  P,  26.35. 

2,2 *-Dlhydrox7-3,3* ,5,5*-tetrafluoroblphenyl  (XXVII) .»-A 
mixture  of  9 g.  of  the  preceding  biphenyl,  26.6  g.  of  anhydrous 
alumlnimi  chloride,  and  100  ml.  of  dry  benzene  was  refluxed  for  five 
and  one-half  hours.  After  pouring  the  reaction  mixture  over  Ice, 
the  benzene  was  removed  by  steam  distillation,  and  after  chilling 
the  crude  solid  prodi’.ct  was  removed  by  filtration.  An  ether  ex- 
traction of  the  aqueous  layer  conpleted  the  recovery.  The  crude 
product  was  dissolved  In  10^  sodium  hydroxide  solution,  alkali- 
insoluble  material  was  removed  by  ether  extraction,  and  acidifica- 
tion with  dilute  hydroo'nloric  acid  precipitated  the  crude  biphenyl 
as  a white  solid,  yield  7 g.  or  865t,  Recrystalllzatlon  from  a 
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benzen«>petroleuai  ethor  (low  boiling)  mixture  gave  the  p\ire  ccmpovmd 
KB  H Kui'be  powder y m»p»  Ivo^. 

Anal«  Calcd.  for  Cx*HeF40*:  C,  55.82j  H,  2.34;  F,  29.44. 
Found:  C,  55.57;  2.20;  F,  29.31. 

2,2*-»Dlhydroxy-5,S*~dlfluoroblphenyl  Sulfide  (XXVIII).  — 
This  ccmpound  Is  new  and  was  prepared  by  the  Dunning  procedure 
for  ocspounds  of  this  type. 

Sulfur  dlchlorlde  was  freshly  prepared  by  passing  chlorine 
Into  sxilfur  monochlorlde  at  -15®  until  the  theoretical  amount  of 
chlorine  had  been  absorbed. 

17/ 

To  124  g.  of  4-fluorophonol — ' dissolved  in  one  liter  of 
anhydrous  carbon  disulfide,  102  g.  of  freshly  prepared  sulfur  dl- 
ehlorlde  was  added  In  four  hours  with  stirring  at  room  tewperature. 
Hydrogen  chloride  gas  was  evolved.  The  mixture  was  heated  at  re- 
fluxing temperature  overnight.  After  pouring  over  Ice,  about  68  g. 
of  eiinjde  product  as  an  orange  precipitate  was  obtained,  and  the 
filtrate  gave  a dark  residue  after  removal  of  the  carbon  disulfide 
by  steam.  The  residue  upon  povirlng  Into  Ice  gave  38  g.  more  of 
product,  thus  re  stilting  Ip  a crude  yield  of  106  g.  or  41^.  Re- 
crystallization  from  ethylene  dlchlorlde  gave  shite  needles,  and 
vacuum  sublimation  gave  the  ptire  compound,  m.p.  119®, 

Anal.  Calcd.  for  CxBHgF^OgS.  C,  56.68;  H,  5«17;  F,  14.95; 
S,  12.61.  Pound:  C,  56.82;  H,  3.38;  P,  15.10;  S.  12.41. 
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2»4,6-Trinuorobonzyl  Chloride  (XXIX)  ."-Thlt  eompound 
is  now  i5Jid  was  borrowed  from  another  project^  . 

It  Is  a colorless  liquid  with  a slight  pungent  odor, 
n|°  1.47088,  b.p.  157®. 

2~Hydr 0x^-3, 5-difluorobenzyl  Alcohol  jXJX)  .—A  mixture 
of  20  g.  of  2,4-dlfluorophonol  , 40  ml.  of  375S  aqueous  formal- 
dehyde and  10  ml.  of  40$^  sodlvm  hydroxide  soluticm  was  refltized 
gently  for  two  hours.  The  reaction  mixture  was  diluted  by  pour- 
ing into  200  ml.  of  water.  With  stirring  in  an  ice  bath,  the 
diluted  mixture  was  acidified  with  concentrated  hydrochloric 
acid,  and  the  crude  product  precipitated  as  smudgy  needles, 
yield  20.8  g.  or  9156.  This  procedure  was  adopted  from  the  woj  £ 
of  Lederer^ and  Manas se^^*^-^.  Recrystallizatlon  from  a-fluoro- 
benzotrlfluoride  followed  by  sublimation  gave  irtilte  crystals, 
ra.p.  61-63®. 

Anal.  Calcd.  for  CrHeF^Oat  0,  52.50;  H,  3.78;  P,  23.75. 
Foiind:  C,  52.74;  H,  3.60;  F,  23.50. 

The  structure  of  this  ccripound  has  not  been  proved 
definitely,  but  all  evidence  points  to  the  ascribed  formula. 

SKOTION  III 
SUMMARY 

The  synthesis  and  properties  of  15  aromatic  fluorine 
compounds  prepared  for  the  fungicidal  screening  program  are 
described.  Eight  are  representatives  of  types  not  studied 
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previously  - namely^  fluorlnated  benzoic  acids,  blphenols,  biphenyl 
sulfides  and  benzyl  derivatives.  The  remainder-  may  be  classified 
as  halogenated  phenols,  nltrophenols,  nitroanlsoles,  emd  nitro- 
tolusnes.  This  brings  to  about  60  the  nmiber  of  conqpounds  studied 
in  the  search  for  now  fungicides  applicable  to  the  prevention  of 
mildew  or  fungus  rot  damage. 

Increased  fluorine  substitution  in  the  benzoic  acids  does 
not  bring  about  any  vinusuai  potoncles.  The  benzyl  chloride  and 
benzyl  alcohol  specimens  showed  up  very  poorly  in  the  screening 
tests. 

An  outstanding  case  of  potency  exedtatlon  by  a nitro 
group  was  discovered  with  2-f luoro-6-nltrophenol  which  arrests 
the  growth  of  A.  niger  at  11.6  ppm.  The  parent,  2-f luorophenol , 
has  very  poor  fungistatic  properties.  This  may  bo  a xmlque 
structural  condition  as  a second  nitro  group  or  fluorine  atom 
decreases  the  potency.  With  the  2-(P,Cl ,Br) -4-fluorophenol3,  a 
bromine  atom  appears  to  be  about  throe  times  as  effective  as 
fluorine  in  the  2-position,  and  thus  gives  further  support  to 
potency  boosting  by  dissimilar  halogens. 

The  potency  of  3-fluoro-4,6-dlnltrotolueno  to  A.  niger 
is  250  times  the  6-nltro  and  100  times  the  4-nltro  precursors, 
thus  showing  the  effect  of  the  second  nitro  grovjp. 

Two  dlfluoroblphenols  and  a tetrafxuoroblphenol  arrested 
the  growth  of  A.  niger  in  the  range  of  140-230  ppm.  The  tetra- 
fluoro  comuound  showed  the  lowest  potency.  A sulfur  linkage  was 
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Introduced  between  the  phenyl  groups  of  one  blphenol,  suid  the 
growth  Inhibition  concentration  range  on  four  test  fungi  was 
changed  frcn  37-140  ppm  to  24-95  ppm*  The  blphenols  and  the 
biphenyl  sulfides  may  offer  soiuie  possibilities  as  colorless, 
heat-stable  fungicides* 

Impregnation  of  ootton  parachute  webbing  thread  by 
2-flucr3-6-nitrophenol,  the  difluorobiphenols,  and  the  biphenyl 
sulfide  did  not  appear  to  change  the  tensile  strength  of  the 
thread* 
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COMPOUNDS  DELIVERED  TO  MATERIALS  LABORATORY 
(Twelve  oocaijounds  - 1900  g.J 
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l-Pluoro-3-ciiloro-4,6"dlnltrobenzene 

1- PluorO“3-br<Hno-4,6“dlnltrobenzone 

1 . 3- Dlf  luoro-4 , S-dinltrobenzone 

2.4- Dlnitrofluorobenzene 
4-Pluoro-2 , 6-dj.nltrophenol 

2- Nitro-4-fluorophenol 
2-Er  anio-4-f  lucr  ophenol 

2,2 '“DlhydroX7~5,5 ’-dlfluoroblphenyl 
ft  n w 

3,3 ’ -Dlf luoro-4 ,4 ’ -dlhydroxyblphenyl 

B « tt 

2,2' -Dlhydroxy-3 ,3 ',5,5* -te traf luorobiphenyl 
2j;2 '-Dlliydroxy-5,6 '-dlfluoroblphenyl  Sxilf ide 


*New  eonpound*  ^^Deserlbed  In  Tech*  Repts  No»  52-214, 
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